This study proposes a new method showing that the addition of UV strongly enhanced the oxidation capacity of the Cu(II)/O 2 process, which subsequently produced reactive oxidants using copper as a catalyst via the Fenton-like reactions of in situ generated hydrogen peroxide (H 2 O 2 ). Acid orange 7 (AO7) was degraded more than 70% after 70 min at an initial pH of 3.5 in the Cu(II)/O 2 /UV process.
INTRODUCTION
Advanced oxidation processes (AOPs), which produce highly reactive and nonselective electrophiles such as ·OH, are dramatic and promising means for nonbiodegradable residual organic contaminants in a wide range of wastewater treatment (Yao et al. ) . The production of ·OH presents the potential to enhance the contaminant degradation rate and the probability of reactions with a wide variety of compounds (Liang & Su ) . In general, it is usual to use ultrasound, ultraviolet light or transition metals to promote the production of ·OH (Anipsitakis & (Wen et al. ) . In fact, Cu(II) is the normal valence state that exists in natural water while it has a low potential to activate the oxidants to form radicals (Kolthoff & Woods ) . On the contrary, Cu(I) is regarded as an excellent activator for oxygen species and a significant scavenger of O 2 (Yuan et al. ) . The main reactions that form a Fenton-like system can be described by
Equations (1)- (5) (Pham et al. ) :
However, Cu(I) has seldom been investigated as a catalyst in AOPs because it is easily oxidized to Cu(II) in natural waters (Yuan et al.  
RESULTS AND DISCUSSION
Comparison of different processes Figure 1 shows the degradation of AO7 in the O 2 , Cu(II), Figure 2 , the degradation of AO7 in the Cu(II)/O 2 /UV process with TBA was strongly decreased to 28% in 70 min. The reason for this phenomenon may be that TBA could inhibit the production of ·OH, but a part of AO7 could also be degraded via photo-degradation by UV.
Besides, AO7 degradation rate in the Cu(II)/O 2 /UV þ BQ process was decreased to 51% during the same reaction time, which had a weaker effect on AO7 degradation compared with the former process. The results indicated that ·OH was the primary radical for AO7 degradation in the Cu(II)/O 2 /UV process, and O 2 Á À , which could be considered as a intermediate of the production of ·OH (Equations (1)- (5)), was also generated in this AOPs.
Singlet oxygen, another common free radical, could be generated via photosensitization or the reaction between O 2 Á À and ·OH, as shown in the following Equation (6 was not a primary radical in the Cu(II)/O 2 /UV process:
The generation of H 2 O 2
The generation of H 2 O 2 was believed to be the precursor of ·OH in the Cu(II)/O 2 /UV process. To investigate the 
The role of O 2 in the Cu(II)/O 2 /UV process
Oxygen is likely to be the precursor of H 2 O 2 based on the above illumination. To investigate the effect of oxygen, the oxidative degradation of AO7 by the Cu(II)/UV process was examined at pH 3.5 under different aeration conditions.
As shown in Figure 5 , the Cu(II)/UV process with no aeration (open to the atmosphere) showed a slightly higher AO7 degradation rate than that with N 2 aeration (Cu(II)/ N 2 /UV). In contrast, the degradation of AO7 in the Cu(II)/O 2 /UV process was much higher than in those two processes, which indicated that the higher concentration of DO in aqueous solution had a stronger effect on the oxidative degradation of AO7 due to the higher concentration was oxidized to Cu(II) by O 2 Á À as described in Equation (3).
To conclude, the addition of UV could effectively promote the transformation between Cu(I) and Cu(II), which further enhanced the efficiency of activating O 2 to generate H 2 O 2 and ·OH. This process could be summarized as the simple Equations (7)- (9), showing that the copper-redox cycle catalyzed the reactions between O 2 and UV.
Effect of pH
The effect of pH on the degradation of AO7 ranging from 2.95 to 6.09 was studied in order to further investigate the mechanism of the Cu(II)/O 2 /UV process. As shown in Figure 7 , the degradation of AO7 was decreased with an and 6 are 1.6 × 10 3 , 1.6 × 10 1 , 1.6 × 10 À1 and 1.6 × 10 À3 mol L À1 , respectively. High pH level can lead to the precipitation of copper, which reduces the production of Cu(I). Based on the description above, the generation of H 2 O 2 and ·OH was also decreased in this condition, which further resulted in the inhibition of AO7 degradation.
Effect of dosage of Cu(II)
Based on the description above, copper serves as a catalyst, and the presence of Cu(I) is one of the key factors affecting the oxidation capacity towards the Cu(II)/O 2 /UV process.
Thus, to investigate the effect of Cu(II) on AO7 degradation, different dosages of Cu(II) were examined at pH 3.5. As shown in Figure 8 , the higher concentration of Cu(II)
could enhance the degradation of AO7. It may be because an increased dosage of Cu(II) could facilitate the production of Cu(I), which could accelerate the decomposition of H 2 O 2 into ·OH via Equations (3) and (4). The optimal dosage of Cu(II) was 50 μM. Exceeding the optimal concentration of Cu(II) led to a slight reduction of AO7 degradation, which may be because Cu(I) can react with ·OH to inhibit the degradation of AO7 following Equation (10) (Buxton et al. ): 
Effect of dosage of AO7
The effect of dosage of AO7 on the degradation of AO7 ranging from 1 to 7.5 μM was studied. As shown in Figure 10 
Products of AO7
To investigate the efficiency of the Cu(II)/O 2 /UV process and whether AO7 was oxidized completely, TOC degradation in this process was detected. As shown in Figure 11 , TOC was removed over 54% during 70 min, and it had an increasing trend. The result indicated that AO7 was nearly decomposed to CO 2 , not just decolorized.
In order to determine the degradation process of AO7, the UV full scan was examined in the Cu ( benzene rings and naphthalene rings. Therefore, the products of AO7 degradation were determined by LC/MS to further investigate how AO7 was removed, and the intermediates of AO7 are listed in Table 2 . As shown in Table 2 , p-benzoquinone, 2-(3-hydroxypropyl) phenol, 3,4-dihydronaphthalene-1(2H) and 3-(2-aminophenyl) propanoic acid were detected at 5 min in the Cu(II)/O 2 /UV process. According to the results of LC/MS, the degradation process of AO7 could be presented as shown in Figure 13 . It is obvious that the azo linkage fractured first, and then may be decomposed to 1-amino-2-naphthol and p-aminobenzene sulfonic acid (Qi et al. ) . Subsequently, these two parts were further decomposed to small molecules like p-benzoquinone via the ring-opening reaction, oxidation reaction, substitution reaction and addition reaction. Finally, these small molecules were further oxidized to CO 2 and H 2 O, which was in good agreement with the result of TOC as shown in Figure 11 .
CONCLUSIONS
In this study, the degradation of AO7 using ·OH generated further results in the degradation of AO7 and the regeneration of Cu(II). In fact, copper can be considered as a catalyst during this process and enhances the oxidation capacity of the O 2 /UV process for AO7 degradation.
Oxygen is an essential factor for AO7 degradation.
Furthermore, the degradation of AO7 was increased with the decreasing initial pH level. Higher dosage of Cu(II) could promote AO7 degradation, but exceeding the optimal dosage of Cu(II) would quench ·OH and inhibit AO7 degradation. The power of UV light also had a strong effect on the degradation of AO7, and the higher power of UV light enhanced the degradation of AO7. The AO7 degradation followed the pseudo-first order kinetics, indicating that an increased dosage of AO7 inhibited the degradation of AO7. AO7 was further oxidized to CO 2 and H 2 O in the Cu(II)/O 2 /UV process. 
